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QUARTZ CRYSTAL UNIT CR~(XM-37)/U
FOURTH QUARTERLY PROGRESS REPORT
1 APRIL 1962 TO 30 JUNE 1962

This pgeduction engineeriny measure on CR-(XM-37)/U
quuartz crystal units requires development of manufac-
turing techniques leading to pre--production approval
in compliance with "SCS-:75, TECHNICAL REQUIREMENTS",
dated 28 DECEMBER 1959 and MIL-C-3098B; snd the meau-
facture of a pllot run production in accordance with
Signal Corps Induetrial Preparedness Procurement

Requirement No. 15, dated 1 OCTOBER 1958.

Contract Number: DA-36-039-8C~85972

order Hunver: 6027~-PP-61-81 -81

By

VALPEY CRYSTAL CORPORATION
HOLLISTON, MaSS,
Norman R. Gillin, Engineer
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ABSTRACT:
Desizns for 7th overtone orystalas from 150 Mc to
200 Mc are given., Results obtained using these
deérligns arc given., Problems encountered during

finel pollish sre discussed.



PURPOSE:

The purpose of this P.E,M. contract 1s to set up

a method of manufacturing, the end result of which
will be the production of acceptable quartz erystal
units to "SCS-75" end MIL-C-3098B.



DETAIL REQUIREMENTS FOR THE CR-(XM-37)/U CRYSTAL UNITS:

Requirements were detailed in the First Quarterly Report.



NARRATIVE:

Using procecdure ss outlined in Second end Third Quarterly Report
a smell lot was processed at 150 Mc and st 200 Mc. No attempt
was mede on these lots to optomize dasign. We were interestecd

in lesrning whether this corystal typas could be made to SCS~75 end

meeting resistance specification.

Our resulis as previously noted on Page 25 of Second and “hird
Quurterly Report, showed that a few units at 150 Mc were under 79
ohma. At 200 Mc¢ ve were way over and there wers doubts whether
st these rssistence figures results obtained in TS-15 were

sccurate .

We felt tus% tighter controls on final pclish to frequency, to
mess pleting snd mounting would help in lowering this high resis-

tance &% 200 Me.

Designa fov all 1tema 159 Mc through 200 M: were drawn up and

1k alraady down to 004" in thickness wore 3uarted through

the pin lep. Crystsl Specificstions are listed on Pages 12 through
16..

As previousgly ztated, freguency checking censuvmec a lsrye amount of
time gnd the handling contributed to the extenslve breskage we were

exrerlencing.,

4 Frequency Counter was obtained for the lapping department. &
twentv-fivs percent saving in time has been reslized during final

leppiag end polishing.



As outlined 1n Second /Third Quarterly Report we were truing the
pin lap plsastes by use of a Crane Lapmester. Blanks were lapped
for ten minutes end plates transferred to Lepmaster for truing.
We soon discovered that the cast iron plates were not to the
required flatness. Solid brass diascs of the same size as the
lap plates were made up and test runs started on the Lapmaster,
We found dasy to day veriations in the Lapmaster that in turn
were being transferred to the lap plates.

After many weeks of recording flatness data from the brass plates
we reached the concluslion thgt the lgpmaester would true the plates
to the required flatness only 1f the same slze plstes were placed
on the lspmaster., Since regulser production runs from other work
in progress also used the lspmaster it was declded to acquire e
second lapmsster to be used only on th's contract, In the mesn-
time every gttempt was mede to keep lgmaster in condition so thaet

plates were within two bands over the whole surface,

Test results showed that dasily variations could be from one to two
bends low 0 one to two bends high., The end result was that lapped
blanks slso veried from day to dsy-

At the same time we were running tests on the lspmaster we accnmule-~
ted data orn the condition of the cast 1ron lap plates ac the result
of the ten minute runa. As data becume svallable we reglized Lhat

thene runs were too long. The plates ware going out of flatness so

that the crystal blanks were being lespped with up to five and six



bands. Also the plates required ionger runs on the lgpmaster in

‘order to restore the flatness.,

The length of runs on a psair of plates was reduced one minute st

a time and the resulting flatness of blanks and time on lapmaster

comparédo We finally srrived at a meximum of five minutes running

~time, This seemed to produce most consistent flatness and minimum

time on lapmsster. Shorter runs required too muck operstcr time

for the qusantity of blanks lapped.

buning thia ﬁeriod our operators were zcquiring the hfeel" of thin
blenkas, Losses due to handling which had been cver fifty percent
durlng lspping graduelly decreased. At 150 Me the loss in lapping
was down tc asround ten percent. The loss et 20G Mc was around
twenty-five percent. Most of chis was in removing blenks, fron

Lap- cleasning to tesat for frequency end replacing in lap.

Further reduction in handling time wns accomplished by installing
elspsed time counters on the lapping machines., Cramer Model 633:R
timers were wired in so that activetfon of the motor starting
verisc sléd'sﬁertea.the timors., The simere were In seconﬁs and
ccuié he v6-gat - fier each abort run or uced foxr tectal time in order
Lo Jew tisnrs bo pro-polish frequency . £s the ¥ ime/frequency dota

becuna avellgbla the speretors sive eble to lap to pre~polish free

guency with Inerun.ed acuieacy.  Tha menne of time otllized ia
Pogyunoney etk cae gors oloo deers oo

Best Available Gopy
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As blanks beceme svallsble for polishing to frequency, date wss

compliled on the psrallelism as viewed in monochromatie light -snd

‘the individusl surfaces g8 viewed in the interfercmetsr,

Polishing wes done on Campco covered sast iron plates " The lengin

of runs on Campco was also reduced for the same reagon gs the ¢egas

iron iap plates. The time finslly arrived 2% for Campco wead a

‘neximunm of five ninuteg polish time snd four minutes cenditioning

on lepriaster.

42 cech loed vwas pelished to frequency they were vieweéd Iin monoQ
chromastic 1ight. A1l blanks from a losd did not skow the ssme
degree of flgtnsss. while most showed perallelism of less than
one band, with a few baing one color ovaf entire surfece, g par-
centags showed up to two bands end at times the bands were not
concensric. Sinca blanks from pre-polish were frequency scrimd
prior v pollisi, « lap load could contain blsnks veom dlffeent
runa i lap platoﬂu T4 was felt thet hls variation conuld be

traces to the variatlen wve were obtelning in lepplng.

cren boome cvicwnt Sheb porelleline oz vicwed L monochpors i

Jagkt ero {1:ineoe ol Individuy) aurfacer wers nc' e same.

voanlis oskot ing pevelleliza of one bend or less In wo.cchreuetic
liges neve la mosh Lizes convex/concavs surfecas whon viewed I
interforoueber,.  T% soon bocame evident thai the polisned tlapis
showhoy o soncen. eioiuy In monochron JXe Llghs e Doy iy oesic

gu=Paaas In Lo dnserfocopeten.

Best Available Copy
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As the result of this dsta, blenks were sent to mass plat:ng

sortad. as to surfaces as viewed in interferometer and as viawed

in monochromatic light., It was hoped that from this we cunld

arrive at a pattern thet would’consistently produce low r:sigtance

blanks meeting resistance specification of 3€S-75.

‘The above method of viewing pnlished blanks brought out the follow-

igé points:

1l - Lapped blamks ready for polishing must be as flet
and parsllel aa final polish blanks. The polish

© stage must not slso have to correct the surfaces,

“

- The polishiag pin lep machine must be in good con-

N3
[ ]

dition. The drive pin must be a8 near to 90° to
polish plates gs possibdle. The drive pin must run
true in carrier bushing. The correct stroke for i

glven oin lep muet be found and maintained.

3 - Dally record of lapmaster surface condition must

ba naintaired.

. . Shorter time on any one set ol polishing plates
witi. ccratint correctlon on lepmast.er produced
the most cunszisgtent palterns.
The plebing meeks 1oy <11 items, 150 Yo to 200 Me. ad be:in
wronfued in dur e o the tightes . iolersnce peusible, e
Poed ko aeld dowa Craggsney sprosed mmd e the same tine rrodace

or o wise o nece T pf W order to abhuln lowest wealooeiee

20 Bes’t' Available »‘COPY



The srot dismeter for each frequency i1s as shown on

Peges 12 through 16.

The amount of bsgse plsting wes controlled by weighing
alumiaum, Our monitoring method waas not as yet ready %o

use,

Mass plat:ed blanks were mounted in HC-18/U bases. We soon
found that not ail production workers were sble to handle
thege thin blenks without excessajive breasksge. Skill wvas

e:quired by some, otherr had tc be taken off the line-

The uriis were pleced on freguency by etching ss outlined
in Second/Third Quarterly Keport. In oniy e few case: did
we chenge resistance bigh:. by this method., Some units

improved, while s large percentage did not chenge

Finlshed units were sesled and vreliminery temperature

testing begun,

TYPICAL results of Reslatence obtained on lota during this

pe-lod are detailed on Pages 17 through 23.

TVFICAL resalta of Holider Inductance-~-Holder Resisvanss aro

det ailed on Fage 28.



CRYSTAL SPECIFICATIONS

TYPE : CR-(XM-37)/U

FREQUENCY ¢ 150.000 Mc  7th Overtone
TOLERANCE: £.005%

TEMPERATURE: -55° ¢ to ;105° ¢
RESISTANC MAXIMUM 70 OHMS

ANGIE: 359 270

DIAMETER: 0.290" [£.001"

FLATNESS : CONCENTRIC RING, MAXIMUM 1 RING
PARALLELISM: LESS THA™ 1 RING

PIN LAP FREQUENCY: 20,650 Ke /15, =10
POLISH FREQUENCY: 21,525 Ke #5, =10
BASE PLATE: ALUMINUM, BY WEIGHT

SP0? DIAMETEIi: ~1360"

-2



CRYST AL SPECIFICATIONS

TYPE:

FREQUENCY:

TOLERANCE:

TEMPERATURE ¢

RESISTANCES

ANQLE:

DIAMETER:®

FLATMESS:

FARALLELISM:

PIN L.AP FREQJENCY.

POLISH REZQUENCY:
BASE PLATE:

SPOT DIAMETER:

CR-{XM--37}/U

162,000 Me 7th Overtone

£-005%

-55° ¢ T0 /105° ¢

MAXIMUM 70 OHMS

35° 27¢

0.290" £ 001"

CONCENTRIC RING, MAXIMUM 1 RIKG

LESS THANW

22,240 Ke

23,255 Xec

ALUMINTIM,

~126"

1 RING

/1;; “lo

®

~10

BY WEIGHT



CRYSTAL SPECIFICATIONS

TYPR: CR~-(XM-37)/U

FREQUENCY ¢ 174.000 Me  7th Overtone
TOLERANCE: £.005%

TEMPE RATURE ¢ -55° ¢  to /105° ¢
RESISTANCE: MAXIMUM 70 OHMS

ANGLE: 35° 27°

DIAMETER: 0.290" 4.o001"

FLATNESS: CONCENTRIC RING, MAXIMUM 1 RING
FAHALLFLISM LESS UHad L RING

PIN LAY FREQUENCY: 23,830 ke, /15, <10

FOLISE FREQUENCY: ~5,000 Ke, /%, =20
BASE PLATE: ALUMINUM, BY WEIGHT
SPOT DIAMETER: 21177



CRYSTAL SPECIFICATIONS

TYPE: CR- (Xt5-37)/U

FREQUENCY : 188.000 Mc  7th Overtone
TOLERANCE: £-005%

TEMFERATURE : 55° ¢ T0 #108° ¢

RESTST ANCE MAXIMUM 70 OHMS

ANGLE: 359 277

DI AMETER: 0.290" Z.o0L"

FLATNESS: CONCENTRIC RING, MAXIMUM 1 RING
PARALLELISM: LESS THAN 1 RING

PIN LAP PREQUENCY: 25,650 Ke, A5, .10
POLISH FREQUENCY : 27,020 Xe, 45, 10
BASE PLATE: ALUMINUM, BY WEIGHT

SPOT DYAMETER: .1087"

-15 .



CRYSTAL SPEC(FICATIONS

TYPE: CR--(XM- 37)/U

FEEQUENZY s 200,000 Me 7th Cvertone
TOLERANCE: £-005%

TEMPTRATURE : -56% ¢ TO #105° ¢
RESISTANCE: MAXIMUM 70 OHMS

ANGLR : 35° 27¢

DIAMETER: 0.290" Z.oorL"

T'LATNESS: CONCINTRIC RING MAXIMUM 1 RTEC
PiRALLELISM » LESS THEMN 1 RINC

PIN LAP FREQUENCY: 27,210 Kc /415, .10

POLISH #RPEGUENCY: 28,760 Kc /5, -10
BASE PLATE: ALUMINUM, BY WEIGHT
SPOT DIAMETER: »1015"



RESISTANCE DATA -CR-(XM-37)/U

150.000 Me

LOT NO, 1 CRYSTAL UNITS NO, 86 .. 123
45 OHMS -~ 3 UNITS
50 OEHMS - 2 UNITS
G5 OEMS ~ 5 UNITS

60 OHMS - 10 UNITS

65 OHMS - 3 UNITS

70 OHMS -~ 7 UN1TS
75 OnMS 1 UNIT

80 oaM3 - 2 UNITS

90 OHMS =« 2 UNITS

100 OHMS - 1 UNIT
2 NO READING

LOT NO. 2 CRYSTAIL UNITS NO, 12} .- 136

50 OHMS - 1 ONIT
55 OHMS - 1 UNIT
60 CIMS - 2 UNITS
70 QHMS - 1 UNTI
90 CHMS Z UNILS

100 OHMS - 1 UNIT

105 OHMS = 1 UNIT

130 OHMS = 1 UNIT
1 NO READING
1. BROKEN

17



LOT NO, 3

LOT NO. 4

RESISTANCE DATA - CR~-(XM-37)/U

150,000 Me

CRYST AL UNITS NO, 137 - 149
50 OHMS
S5 OHMS
60 OHMS

65 OHMS

70 CHMS

80 OEMS

95 OHMS
145 OHMS

2 UNITS

M

1 ONIT
UNIT
UNIT

UNIT

UNIT

w

-~

1
1
3 UNITS
1l
1
1

UNIT

1 BROKEN
1 PINS TOC LARGE

CRYSTAT, UNITS NO. 150 - 163

L5
50
55
60
65
&c
85
100

CHMS
CHMS
OHMS
CHMS
OHMS
OHMS
OHME
OHMS

- 2 UNTTS
- 2 UNITS
) UNIT
- 3 UNITS
~ 1 UNIT
« 1 UNIT
« 1 UNIT
- 1 UNIT

1 NO READING
1 FREQUENCY TOO HIGH

J18.



RESIST ANCE DATA - CR-{XM-37}/L

150,000 #e

0T NO. S CRYST AL UNITS NO. 164 - 174
45 0HMS -~ 2 UNITS
50 OHMS - 2 UNITS3
55 OBM3 .~ 1 UNIT
60 OHMS - 3 UNITS
€5 OEMS - 1 UNIT
80 OHMS - 1 UNIT
£5 OHM: - 1 UNIT
100 OHM: -~ 1 UNIT
L0T NO. 6 CRYST AL UNITS NO. 175 - 181
60 OHMS - 1 UNIT
7O OHMS - 1 UNIT
80 0IMs .. 1 UNIT
90 018 - 1 UNIT
15 OHMS - 1 UNIT
i%0 OHMS - 1 UNIT

1 NC READIXNG

LT NO. 7 CRYST AL UNITS No. 182 - 192
€0 OHMS - 2 UNITS
55 OEMS - 2 UNITS
60 OHMS - 1 UNIT
90 OHMS . 1 UNIT
95 OHMS ~ 1 UNIT

120 OliM8 « 1 UNIT
2 NO READING

<39 .



RESISTANCE DATA - CR-(XM-37)/U

150,000 Me
LOT NO, 8 CRYSTAL UNITS NO, 193 -~ 205
55 OHMS - 3 UNITS

60 OHMS = 3 UNITS

90 OHMS - 2 UNITS

100 CHMS =~ 1 UNIT

110 OHMS =~ 1 UNIT
3 NO READING

O NO, 9 CRY3TAL UNITS NO, 206 - 213
65 2143 - 1 ONIT
70 OiMS “ 1 UNIT
75 01IMs - 1 UNIT
90 0-AMS - 1 UNiT
00 OHMS - i UN:w
120 OHMS - 2 UNTTS

1 NO READING



RESISTANCE DATA - CR-(XM-37)/U
162,000 Me
LOT NO, 1 CRYST AL UNITS NO. 1 - 3  CULTURED
80 OHMS - 1 UNIT

90 CHMS -~ 2 UNITS
LOT NO, 2 CRYSTAL UNITS NO. 4 - 8 CULTURED
70 OMMS . 1 UNIT
90 OHMS - 1 TONIT
3 NO READING
LOT NO, 3 CRYST AL UNITS NO, 9 - 23 CULTURED
78 OHMS <~ 1 UNIT

82 OHM© ~ 1 UNIT
90 OHMS .~ 3 UNITS

o5 OHMS - 1 UNIT
110 OEMS - 1 UNIT
150 OEMS - 1 UNIT
7 NO READING
LoT NO. L CRYSTAL UNITS NO, 24 - 37 CULTURED
55 OBMS - 1 ONIT

30 OHMS - 1 NIT
100 OHMS = 1 UNIT
125 OHMS e 1l UNTT
LS oEaMS - 1 UNIT
150 OHMS -3 UNITS

S NO FEADING

2



RESISTANCE DATA  CR-(¥M-37)/U

162.000 Mc
LoD NO. & CRYSTAL UNITS NO, 33 - L2 CULTURED
90 OBMS .. i UNIT
l - NO READING

Ny
2%
V



LOT NO. 1

RESISTANCE L ATE -

CR--(XM- 37)/U

200,000 Mc
CKYSTAL UNITS NO. 49 - 85

70 OHMS ~ 1 UNIT
100 OHMS - 1 UNIT
125 OHMS ~ 1 UNIT
130 OHMS i ONIT
140 OHMS ~ 2 UNITS
150 OHMS 2 WIITS
160 OHMS -~ 2 UNIT3
+80 OBMS - & UNITS

25 KO I'EADING



CAPACITANCE DATA - CR-(XM-37)/U

150.000 Me
LuT NC. 2 CRYSTAL UNXITS NG, 86 - 123
Cp - K00 K¢ Below 6,15 pf - 6.9 pf
Rp «+ 500 K¢ Below 2.4 K - L. lh2K
Cp ~ 1 Mc g5 pf - 6.7 pf
LCT NG 2 CRYST AL UNITS No, 124 - 136
Cp SO0 Lc Eelow 6. pf - H.8 pr
Rp -~ 500 Kc Eelow 2.8 K - 3.6K
Cp - 1 Mo 5.9 pf - 6.1 pf
LOT NG, 3 CRYSTAL UNITS NO. 137 - 149
Cp - 500 Xo Below 6.5 pf - 6.8 pt
Rp -~ 500 Kc Below 3, K = L.3K
Cp ~ i Mo 5.9 pf = 6.1 pf
LY NO. 4 JRYQMAL UFITS NO. 150 - 163
Cp - 500 Xc Bolow 6.4 wr - 6,75 pf
Rp .- 500 Xc Below 3.2X -5.0%
Cp - 1 Me 5.8 pf - 6.0 pr
LOL No, 5 CY ST AL UNITS NO. 164 - 174
Cp - 500 Ko Below €.2 prf = 6.6 pf
Rp - 500 Ke Below 5.2K - 15,0 K
Cp - 1 Mo .9 Pf - €,1 pf

LOT NO. 5 were mounter in standard HC-18/U
bases with the mounting wires silver plated.

Note chenge in Cp end Rp at 50C Kc Below Freq-

Ay



Lot

LOoT

LoT

L

NO,

NO,

NO .

6

Cp -
Rp -

Cp

Cp -
Rp -
Cp -

Cp -
Rp -

Cp

CAPACITANCE DAT £

CR- (XM=37)/U

150,000 Me

CRYSTAL UNITS
500 K¢ Pelow
520 Ke Selow

CRYSTAL UNITS
500 Kc Below
500 Kec Below
1.0 Me

CRYST AL UNI1TS
€00 K¢ Below
500 Kec Below
1.0 Mo

CRYSTAL UNITS
502 Ke Below
500 Kc Below

1.9 Mo

CRYSCAT, MY

500 Ka Relow

SCO K Below

- 2.0 Mo

NO. 175 - 181
6.5 pt - 6.9 pf
29K - 38X
5.8 pf - 560 pf

¥o, 182 - 192
6.4 pf - 6.7 pf
3.2K -5 2K
5.9 pf - 6.1 pf

W0, 193 - 205
6.4 pr - 6.8 1t
3.2K - L. 6K
5.8 pf - 6.1 pf

NO, 206 - 209
it..0 pf - I .1 pf

20 X < 9 X
1.9 pf - 4.0 pf

Froomo - 2n3
6.4 pi - 65 pf
336 K - 6.0 K
5.6 pf - 6.9 pf



Lor

Lot

1or

TeT

e

CAPACITANCE DATA - CRw(XMn}Z)fg

162.000 Mo

Gultured
ND. b CHISTAL UNTLY NO, 1 - 3
Cp - 500 X¢ Palow T7.0pf - 7,2 pf
Rp - 509 s Below 23K - 29K
Cp - 1,0 Me 6.3l pf = 6.4 pr
No, 2 CRYSTAL UNIFS HO, L4 - 8
Cp - 500 Ko Belcw 7.2 pf - 7-5 pt
Rp - 500 Ec Felcw ¢-¢CK - 3.3 K
Cp 1.0 Mc 6.2 pf - 6.5 pt
nO. 3 CRYSTAL UNITS NO. 9 - 23
p - 500 Az Balow -3 pf - 4.7 pt
ip - 530 Xc Below 60X 992K
p -t 03 o0 pf - 4.3 w2
NI ORZATAL UNITS NO. 2¢ - 37
Cp - 500 .lc 3elow B2 o - BoO p
Rp -~ 500 Ko Below 66 K 9.3K
tp - 1.0 Mo b ,0 v¢ 4.3 pr
NC. S CRYST AL UNITS NO. 38 - h2
Cp - 500 ¥eo Below L-3pf - 4.5 pf
Rp - 500 ¥X¢ Below 78K - 94 K

Cp - 1.0 Me L.0 pf - 4.2 pt



CAPACTTANCE DATA - CR-(XM-37)/U

200,000 Mec
LOT NO. A - CRYST AL. UNITS ¥o. 9 . 85
Cp - 500 Kc Below 5.8 pt = 6.6 pf
Rp - 50C Kc Below 142 pf = 3.3 K
Cp - 1,0 Mo ho6 ptf -~ S.4 pt



HOLDER_INDUCT ANCE AND RESISTANCE DATA
CR-(X¥-37)/U

150.000 Me

Holder Inductence - .0183 uh - 0245 uh
Holder Resistance - 4.4l ohms - 5.66 ohms

162.000 Mc
Holder Inductence - .0180 uh - 024}y uh
Helder Resistence - 5,347 chms - 8.588 ohms
200,000 Me

Holder Inductsnce - .0167 uh = .025
Holder Resistance - 6.29 ohms - 9,78 ohms



PROGRAM FOR NEXT INTERVAL:

i ~ Continuation of final poliishing methods to imerease

yield and lower resitstanoce.

2 - See if correlaticn can be established between flat.:
ness ss viewed in interferometer and resistance of

orystal.

3 -« Control of plate back by resistsnce method to be
studied.

4 - An a%zempt will be made to accumulste enough unita

under 70 ohme to meke up pre-production lots.

-29-



CONCLUSIONS:

A% *als polnt 1n contract we sre finding that the 70 ohm
raslistauce figure will make magnufacture of these units
vory difficult. So f£:r only the 150 Mc frequency has
ylelded units under the maximum,

Eresksge and loss has been high., Experience by personnel

mgy reduce tals.



CONFERENCES ¢

A conference on this Contract was held at Contractor's

Plant on 10 May 1962. Present were:

Mr. Rey Woolley - USASSA
Mr. Ed Mason - USARSA
Mr, Normsn Glllin - VALPEY

Mr. Leon Marchand VALPEY

Mr., Woolle¢y was given some samples for correlation on

his equipment.

REPORTS:
No reporte have been issued since Second/Third Quarterly.

-31.



MAN _HOURS APPLIED ON THIS CONTRACT

DURING THIS INTERVAL

N. Gillin 764 hours
L. Msrchend 152-3/h howrs

A. Shameklis 233.-1/2 hours

DIRECT LABOR 727-3/4 hours

32



